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(54) Raid apparatus and access control method therefor 

(57) Disclosed are a RAID apparatus in which same 
logical volumes are allocated on a plurality of physical 
disk units, and an access control method therefor. The 
RAID apparatus comprises a plurality of physical disk 
units for forming same logical volumes, and a cfcsk con- 
troller for accessing any physical disk unit which forms a 
designated logical volume to thereby access the desig- 
nated logical volume- This disk controller has a memory 
for storing the number of operations, requested to each 
physical disk unit, for each physical disk unit, and con- 
trol means for accessing one of the pturalty of physical 
disk units which form the designed logical volume, in 
accordance with the number of operations. Since a 
physical disk tnrt Is selected In accordance with the 
numbers of operations of the individual physical tfsk 
units. It Is possible to prevent unbalanced access to the 
physical cSsk units. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a RAID (Redun- 
dant Arrays of tneHpensive Disks) apparatus wnich allo- 
cates ep!uraEty of same logical votumss to a pJuraGty of 
physical disk urdts and an access control rrtstfrod there- 
for, and, more particularly, to a RAID apparatus which 
prevents a coses requests and en eccess unbalanced 
control method therefor. 

DESCRIPTION OF THE RELATED ART 

Disk storage systems such as a magnetic disk sys- 
tem are used as an edema! storage system in a compu- 
ter system. A host computer accesses such a disk 
storage system with a logical volume name that an OS 
(Operating System) recogrtfees. Logical voluntas are 
aBocated Cn a disk storage system. 

Iff one set of ircEvidual Ccg3csJ volumes is allocated 
in such a disk storage system, when a physical disk unit 
where some of the togccal volumes are located feils, 
those logical volumes cannot bo used any more. 

To prevent this prcbSem, a RAID apparatus has 
been proposed. A RAID apparatus hss a plurality of 
earns logical volumes allocated on different disk units. 
When one disk unit fells, another cSsk unit where the 
same logical volume d interest Is allocated 6s used. This 
system can prevent th © occurrence of an ©vent that any 
logical voJume becomes urasabie duo to falEura g3 the 
associated d3sk unit 

FIG. 8 is an ea^Sanatory diagram otf prior art 

As shown tn FCQ. 8, a RAID apparatus comprises a 
plurality d magnetic <£sk unite 91-1 to 91-4 and a disk 
controller 90 which concrete ftose dick units. FIG. 8 
shews the RAID epparatus with a minor structure which 
includes tour magnetic disk unite 91-1 to 91 -4. 

A logical volume Lftffl te allocated on fitG ntsgrcsflc 
<Ssk unit 91 -1 . "TOe same logical volume Lft£0 as tocated 
on file magnetic disk urtft 91-1 Es allocated on file mag- 
netic disk unit 91-2. A Cogpcal volume LM1 ® allocated 
on fiie magnetic dtek unit 91-3. The (same togical vol- 
ume LM1 as located on the magnetic (fek unit 91-8 Is 
aBocated on the magnetic <2sk unit 91 -4. 

Even ft fiiQ msgnotic disk unit 91-1 fe5is, the EcgJcal 
volume LMO can be accessed by uerng the magnetic 
(Ssk unit 91-2. Evsn If fiie magnetic disk unft 91-3 CaISs, 
l&swise, the tomcat volume LM1 can be accessed by 
using the magnetic disk unit 91 -4. 

When o pluraGty of tog5cal volumes are sea In one 
physical £skumt, however, a high-rank apparatus, such 
as a host computer, Issues two or moro eccess requests 
to the same physical votuma tn such a case, since one 
physical <Esk unft canno2 csecuto two operations at a 
tfrrto, fiiQ prtor art scheme Qffters tha Inherent prcbJem 



that some access requests ehoutt wait 

The operation of file magnetic disk units takes a rel- 
atively tonger time than the operation time of a high- 
rank apparatus, ft some high-rank apparatus frequently 
s issues an access request to the same logical volume, 
therefore, the number of access request that should 
waft Increases. This Increases the time from the issu- 
ance of an access request to the end of the requested 
operation, thus reducing the system access speed. 

10 

SUItfMARY OF THE INVENTION 

Accordingly, it cs an object of the present invention 
to provide a RAID apparatus and an access control 

is method therefor, which prevent unbalanced access 
requests to a physical tisk unit 

ft Es another object o3 this invention to provide a 
RAID apparatus and an access control method therefor, 
which auto-adjusts toads between physical disk units. 

20 ft is a further object of this invention to provide a 
RAID apparatus and an access control method therefor, 
which prevents the degradation of the performance 
caused by unevenly applied toads on physical disk 
units. 

25 To achieve those objects, a RAID app a r a tus 
accoidir^ to this Invention comprises a plurality of phys- 
ical disk unite tor forming same logical volumes, and a 
cfisk controller for accessing any physical disk unit which 
forms a designated togteal volume to thereby access fre 

so designated logical volume. 

This disk controller has a memory for storing the 
number of operations, requested to each physical c5ek 
unit, tor each physical disk unit, and control means tor 
accessing one d the plurality ofl physical disk unite 

ss which tern the designed togfcal volume, in accordance 
wSfiifiie ninrtbero? operations. 

An access control method according to this chven- 
tton comprises file steps of determining a plurality of 
physical £sk units whxh torn a designed logical vol- 

*o ume; and seJecfng one erf the determined physical <Sek 
urdte In accordance with fiio number of operations 
requested to the physical <£$k units. 

According to this Cnvertlton. the number of opera- 
tions requested to each physical dsk unit is stored tor 

cs each physical <2sk unit The physical disk unit which 
shcuM ©oscut© an access request is selected in accord- 
ance wifii the num!ber of the operations. 

The number file operations requested to each 
physical disk unit is fiie number off the operations of 

so esch physical disk urtft which are currently being per- 
formed and are 8tem£ng by tor execution. According to 
this invention, therefore, the number of actual loads on 
the physical cSsk units are dways measured. The 
number off the operations (the number of teds) of each 

& of a plurality of physical cCsk units which hoid the same 
logical volume cs determined and a target physical c3ek 
unit te Bc5scted In Eooordanco wfth the number of fiio 
operations. 
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In other mortis, access control is carried out in such 
a way that the number© of toads on individual physical 
disk units which hold the same logical volume become 
even. This scheme can prevem unbalanced access 
requests to tha physical disk units, thus Improving the 
a c cess speed. 

In this respect one may consider to alternately 
select physical disk unite every given time. Since 
access requests from a high-rank apparatus do not 
coma evenly, however, this scheme has a difficulty In 
performing access centred m such a manner that the 
numbers of loads on tndSvkfual physical cfisk units which 
form the same EogScal volume become even. 

According Co this Invention, since foe number cJ 
actual leads on the physical disk units are always meas- 
ured, access centre! can be ©routed in such a rcay that 
the numbers of loads on a plurality cJ physical disk units 
become even. 

Other features and advantages erf the present 
invention will become really apparent from the follow- 
ing description taken En conjunction wffii the accompa- 
nying drawtngs, 

BRIEF DESCRIPTION OF THE DRAWINGS 

ThQ aawmpanyfog drawings, which are Incorpo- 
rated in and constitute a part of the specification, illus- 
trate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detafed description of the preferred embodi- 
ments given below, serve to explain the princfcJe of the 
invention, in which: 

FCQ. 1 Es a prindple digram of this invention; 
FCQ. 2 is a structural diagram of one embodiment of 
this Invention; 

FCQ. 3 & an explanatory (Sagram of a logical volume 
strucSuTQ &b5e Eccordirtg to foe entoodcrrtent In FCQ. 
2; 

FCQ. 4 is &n explanatory diagram of a DM manage- 
ment ecDcrcflrtg Co the embod?msnt Cn FCQ. 2; 
FCQ. 5 is a flowchart tor an idling process according 
totheerrrborJmsnflCn FIG. 2; 
FCQ. 6 is a flowchart for a request executing proc- 
ess escorting Co the cmbcd!rnsnt in FK3. 5; 
FCQ. 7 is a flowchart Cor a device path selecting 
process according to the embodiment in FCQ. 6; 
and 

FCQ.8 is an explanatory diagram of prior art 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FCQ. 1 presents a principle diagram of this inven- 
tion. 

As shown in FIG. 1 , physical d5sk urtite 1 1 -0 and 1 1 - 
1 tarn a same logical uoJumo LMO. Physical cEsk unite 
11-2 and 11-8 forma earns togical volume LM1. Acflsk 



contrcOer 10 accesses a physical disk unit cn which a 
designated logical vtfume is allocated to thereby 
access the designated logical volume. 

This disk controller 1 0 has a memory 22 Cor storing 

s foe number of operations, requested to each physical 
disk unit, Cor each physical disk unit The disk controller 
1 0 furfoer Indudss a oontrd circuit 2 1 Cor accessing one 
of a plurality of physical disk unite which form the 
designed togJcal volume, in accordance with the number 

io of ths operations, 

Fia 2 is a structural diagram of one embodiment of 
this Invention, FIG. 3 is an e^Sanatory diagram of a tog - 
teal volume structure table accord^ to the embedment 
in FCQ. 2, and FIG. 4 Is an o^jlanatory dlEgram of a DM 

is management table according to the embodiment in FIG. 
2. 

Referring to FIG. 2, foe disk controller 10 6s consti- 
tuted of a magnetic disk controller. The disk controller 
10 has a channel adapter 20, a resource manager 21, a 

20 table storage 22, a main storage 23 and device adapt- 
ers 24-0 to 24-3. 

The channel adapter 20 exchanges com- 
mands/data with a high-rank apparatus lite a host com- 
puter. The resource manager 21 performs control to 

25 manage resources. The resource manager 21 is consti- 
tuted o? a microprocessor. 

The table storage 22 stores various sorts of tables 
for the control operation. The table storage 22 stores a 
togfcal volume structure table 22-1. which will be d3s- 

so cussed late w^ reference to FIG. 3 and a DM manage- 
ment table 22-2 which wfD be discussed later with 
reference to FCQ. 4. 

The main storage 23 serves Co store read/write 
data, etc The device adapters 24-0 to 24-3 control 

& access to the devices (magnetic <Ssk urate) 11-0to11-3 
Cn £ccordartce with a request from the resource man- 
aged! 

The magnetic disk unite 11-0 and 11-2 and eoforfo 
are connected to foe device adapter 24-0. The magnetic 

<w dtekurti& 11-1 and 1 1-3 and so Corfo are connected to 
foe devtee crispier 24-1. 

The magnetic disk umtel 1-0 and 11-2 and so forth 
are also connected Co the device adapter 24-2. whtehfe 
a spare circuit for the device adapter 24-0. Likewise, the 

^5 magnetic disk units 11-1 and 11-3andsoforfo areata 
connected to the device adapter 24-3, which is a spare 
tircuii to the device adapter 24-1 . 

The magnetic disk unite 1 1 -0 to 1 1 -8 are each con- 
stituted <rf a we3-tocwn magnetic disk storage device. 

so The magnetite cfisk urrJt 11-0 forms foe logical vrfume 
LMO.The magnetic d5sk unit 11-1 eteo forms the logical 
volume LMO. The magnetic (Esk unit 1 1-2 forms the tog- 
tea! volume LM1. The magnetic <Esk unit 11-3 also 
forms foe tag&alvoJumelMl. 

ss TWs structure Cs a RAID-1 mirror structure In which 
foe individual logical volumes LMO and Lftfli are dou- 
bted Thai b, two btertiteaJ volumes ore provided for 
eas^i logical volume. 
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When receiving an aocess request from the high- 
rank epparatus, fre channel adapter 20 issues a device 
access request to to resource manager 21. Upon 
reception c3 the device access request, the resource 
manager 21 determines a dsvtaa access path and 
requests the associated device adapter erf performing 
the operation. 

The device adapter queues an operation for each 
magnetic disk unit, and accesses to magnetic disk 
units in to queued ordor. 

When s&rtirtg access to a magnetic cSsk unit the 
device adapter issues a data transfer request Co the 
resource manager 21. The resource manager 21 
assigns an area Infra mg3n storage 23 and permfes to 
device adapter to execute data transfer. As a result, the 
device adapter transfers data from the magnetic disk 
unit to fro main storage 23. 

When informed of fre end of data transfer by the 
device edqrfer, fro resource manager 21 permits to 
channel adapter 20 to perform a data access. Conse- 
quently, fro chartnd adapter 20 transfers data En to 
main storage 23 to to high-rank apparatos in a read 
process. In a write process, the channel adapter 20 
writes ^e data from to high-rank apparatus over data 
in the main storage 23. 

When to charmsl adapter 21 completes data 
transfer, the resource manager 21 reSeases the area in 
the main storage 23 in the read process. In the write 
process, tho resource manager 21 writes the data In the 
main storage 23 back to the associated magnetic disk 
unit, and then frees to main storage 23. 

Th3 tenting is ecccrnpSshed by edging d&ta in the 
mzmzry 21. In fro mirror structure, wrifie-back is per- 
formed on a pair of magnetic disk unfe vfiteh ho!d to 
same logical voluma 

As shosfli In FCQ. 3, fro Eogteal volume struc&jre 
table 22-1 in the teMe storage 22 stores the statuses 
and fro confuting DM numbers c3 to IraSvJdual CcgJ- 
cal volumes °0° to °255.° The status cncCudes structure 
definition information and mirroring information for eadh 
logical volunm The rrtrrcrirtg Iriformafion consfete of 
tea bfts cndScating rchetfier each c3 a pair of magrtsJcc 
cSsk unite ufhlc^ has a mirror structure Es normal or 
abnormal. The two constituting DM numbers 1 and 2 
indicate to number d a pair of magnetic di^k units 
which has a mirror structure. 

As shcsffi in FCQ. 4, the DM management table 22- 
2 o3 fro tabS® stcragQ 22 stares to statuses, fre num- 
bers c3 toads and the connected DA numbers of the M5- 
tfdua] logical volumes °0° to "255.° Tho stsfius Includes 
degrade information indicating whether each magnetic 
cSsk unit cs normal or abnormal and otforrrasttcn crttffrat- 
Ing whether cadi of a patr of dsvtaa adspters to which 
each magnetic (Ssk urtit is connected £s normal cr 
abnormal. 

The number of tods E ndScate s the number of cper- 
afiens that gtq requssted to osrii msgrteflc disk trnft 
That 6s, fro number o? toads CmCcates to number of 



operations of each magnetic c£sk unit whxh are cur- 
rently being performed and are standing by for execu- 
tion. Tho two connected DA numbers 1 and 2 indicate 
the numbers of a pair of device adapters to which each 

s magnsJic c£sk urtJt Is connected. 

RG. 5 is a flowchart for an idling process according 
to the GirtJodSment In FCQ. 2, FtQ. 6 Is a flowchart for a 
request executing process according to the embodi- 
ment in FtQ. 5, and FIG. 7 Is a flowchart for a device 

io path selecting process according to the embodiment in 
FtQ. 6. 

FIGS. 5 through 7 iltustreie processes which are 
executed by the resource manager 21 in FIG. 2. The 
IcOng process In FIG. 5 w3 be discussed first 
is (S1) The resource manager (hereinafter caDed 
"processor") 21 accepts process requests from the 
chartnd adapter 20 and device adapters 24-0 to 24-3. 

(^) When there is no process request, the proces- 
sor 21 retorts to step S1. 
20 (S3) When there is a process request, the proces- 
sor 21 performs the request executing process shown in 
FCQ. 6, and then rdurns to step S1 . 

The request executing process in FIG. 6 wifl now be 
described. 

23 (35) The processor 21 checks if the process 
request is a dories eccgss request from fre channd 
adapter (CA) 20. When determining that the process 
reque& is a device access request from the charm eJ 
adapter (CA) 20, the processor 21 terminates the rou- 
se tine after executing a device path selecting process 
shown in FIG. 7. 

Upon reception of an access request from a high- 
rank epparatus, the dhanrtel adapter (CA) 20 sends out 
a dsvioe £ccess request to fre processor 21 . 
ss (SS) When deJerntirdng that fre process request is 
not a dstfco access request ton the channel adapter 
(CA) 20, She processor 21 determines iff the process 
reque^ a da2a feortsfer request from any one of fre 
ti&ffce &&pter$ (DA) 244 to 24*3. 
40 When determining frat the process request is a 
dssfca tranter request from fro dsvCce adapter (DA) 24-0, 
24-1, 24-2 or 24-3, fre processor 21 assigns an area in 
She main storage (MS) 23 and then permits the request- 
ing devioe adapter (DA) to carry cut data transfer. Then, 
46 to processor 21 terrrdrtatos thercuiina 

Tho detfee edapto (DA) queues operation 
requests from the processor 21, and accesses fre mag- 
rtettc disk units in to queued cud or. After the access, 
the tierce adapter (DA) generates a data transfer 
so rcque& 

(ST) men determining frat fre process request is 
not a date transfer request from any of the device adapt- 
ers (DA) 24-0 to 24-3. fro processor 21 deter rrfries ff 
the process requesa is data transfer end notification 
65 from cmy c3 ito deytoo edsptos (D^ 24-0to24-3. 

When determining M the proce^ request is data 
firansfET crtd noEJlcaifon from any of fre device Gxf2p3ers 
(DA) 24-0 to 24-3, fro processor 21 determines from fro 
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end rvctaicaticn which magnetic disk unit (DM) has com- 
pleted data transfer, and decreases the number of bads 
ofl thai magnetic disk unit in tho DM management table 
22-2by B 1.° 

Then, the processor 21 permits fro- charms] s 
adapter (CA) 20 to make a data access after which the 
processo r 21 torrrtrotos th® routine. If ft Is a road proc- 
ess, the channel adapter 20 transfers data in the main 
storage 23 to the high-rank apparatus, ft ft Is a writs 
process, the channel adepto 20 writes write data from 
the high-rank apparatus over the data in the mam dor- 
ago 23. 

After executing the operation and completes data 
transfer from the target magnetic c£sk unit to the main 
storage (MS) 23, the device adapter (DA) generates 
data transfer end notification and goes to a process Cor 
the next operation. 

(88) When determining that the process request is 
not data transfer ond notification from any of tha devfoe 
adapters (DA) 24-0 to 24-3. tha processor 21 deter- 
mines W ft is data transfer end rtoiifk»tfon from the chan- 
nel adapter (CA). 

When determining that the process request is data 
transfer end nciSbaifon from the channel adapter (CA), 
the process frees an area in the main storage 23 and 
then terminates tha routine, if it tea roed process. 

If it is a write pnocess, not a read process, the write- 
back process is performed. Specifically, after a pair off 
magnetic disk urtfts constituting a mirror structure aro 
selected, data in the main staage 23 is transferred to 
the pair d magnetic (Esk unite after whtohth® roflfne is 
terminated. 

ThQ dsvtee path selecting process In FfG. 6 w3l now 
be discussed with reference to tfie process flow in FtGL 
7. 

When roosMrtg an access (request from fih® chan- 
nel adapter 20, the processor 21 select a device path 
and requests tha ©ssodaied dsvico adapter to cwscutQ 
an operation in that device path. 

(510) Fcrst, the processor 21 leSer© to the logical 
voiizmQ structure teb& 22-1 in t^io teble storage 22. Tho 
processor checks m status information ctf a designated 
togfoal vo!um& Based on mirroring frrformaifon In the 
status in formati on, the processor 21 then checks 
whether each d tho pafr of magnetic cSsk units which 
form the mirror structure is normal or abnormal. 

When the mirroring information indicates an abnor- 
mal event, tho processor 21 proceeds to step 814. 
When the mirroring irtformatfon cmEcates a normal 
event the processor 21 prooesdstostepSn. 

(511) When the mirroring mfcrmation EraEcates a 
normal event, each of the pair cJ magnetic disk units 
whbh form the mirror (structur© is normal. Therefore, fro 
processor 21 ecqufreaapaZrof nmgnstic disk unit num- 
bers (DM1, DM2) which hc!d ito designated togtoal vol- 
ume in the togbal volume structure table 22-1. 

Then, the processor 21 rcsdsflio numbers of toads 
A1 andA2dthop^o^m2^t^cd^urr^<^^DM 



management table 22-2. The processor 21 then com- 
pares the numbers of loads A1 and A2 of the pair of 
magnetic disk units with each other. 

When the number of toads A1 of one of the mag- 
netic disk units is equal to or greater than the number of 
toads A2 of the other magnetic disk unit, it indicates that 
tfio bad on tha former magnetic disk unit is heavier. Tha 
processor 21 therefore moves to step 815 to select the 
tester magnetic disk unit with a lighter bed. 

When tha number of toads A1 of one magnetic disk 
unit is emaQer than the number of loads A2 tf the other 
one, It indicates that tha load on the former magnetic 
disk unit is fighter. The processor 21 thus proceeds to 
step S12 to select the former magnetic disk unit wrth a 
fighter bad. 

(512) "me processor 21 refers to the status infor- 
mation of tha selected magnetic disk unit (DM1) In the 
DM management table 22-2. This status information 
Ertdtoates flia statuses of the device adapters to whldi 
that magneto desk unit (DM1) is connected. 

When ths processor 21 determines from the status 
Information that a pair of dsvto® adapters to whtoh tha 
selected magnetic desk unit (DM1) is connected are 
both abnormal, tha processor 21 cannot access tha 
selected magnetic risk unit (DM1). Accordingly, the 
processor 21 writes data tndxativ^ cl the dbnormalrty of 
the selected magnetic (£sk unit (DM1) into the mirroring 
information m the status information in the logical vol- 
ume structure tsbte 22-1. Then, the processor 21 pro- 
ceeds to step 814. 

(513) When the processor 21 determines from the 
status information that both or one of the pair of device 
adapters to whtoh tfie selected magnetic c£skurrft(DM1) 
te connected fe normal, the processor 21 can access 
the selected magnetic dsk unit (DM1). Aocer£ngfy, the 
prccessor21 requests the dsvic® adapter wWch is con- 
nected to the selected magnetic disk urtit (DM1) to per- 
form tha operation cJflio sdected magnetic cSskurrit 

The processor 21 adds °r to the number of loads 
A1 o5 ^at magneto unit number in the DM man- 
agsmant teblo 22-2, and tficn terminates rcutlna 

(514) The processor 21 determines from fre rrtr- 
roring informatfon tn the logical voJuma structuro teb!e 
22-1 which magnetic c£sk unit is abnormal. When deter- 
mining ftat tha ofiier magnetic d3sk unit (DM3) atone 
abnormal, ^iq prooes^ir 21 proceeds to step 812. 

When determining that one magnetic disk unit 
(DM1) is abnormal, the processor 21 proceeds to step 
81 5 Co select the other magnetic disk unit (DM2). 

The processor 21 determines from die mirroring 
information in the togbaJ volume structure table 22-1 
which magnetic disk urtit is abnormal. When detemtin- 

that both magnetic d&kunfts (DM1, DNS) etq abnor- 
mal, the processor 21 makes an eror temtinatkm. 

(815) Tho processor 21 refers to the status Infor- 
mation of the seSected magneto (£sk unit (DM2) in the 
DM management tabio 22-2. Thfe status Cnformation 
CncCrates fro statuses of the dsvfoa to whltii 
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thai magnetic c£sk umt (DM2) is connected. 

When to proosssor 21 determines from to status 
information that a pair o* device adapters to which the 
selected magnetic disk unit (Dft&) is connected are 
both abnormal, to processor 21 canrurt eccass to 
selected magnetic disk unit (DM2). Accordingly, the 
processor 21 writes ds£s indlcaiiv® of to abnormality of 
the selected magnetic <Esk unit (DM2) into the mirroring 
information in to status fntor msSicn tn to toxical vcJ- 
ujTta structure tab!® 22*1. The processor 21 then pro- 
ceeds to step S1 4. 

(S16) When thQ processor 21 determines from to 
status information that both or one of the pajr of device 
adapters to which to &aisc$ed magnetic disk unit (DM2) 
is connected is normal, the proce ss or 21 can access 
the selected magnetic disk unit (DM2). AcconEngly, the 
processor 21 request to devfoa edepte which te con- 
nected to the selected magnetic <£sk unit (DM2) to per- 
form to operation of to edecSed magnetic disk unit. 

Then, the processor 21 adds "1° to the number of 
leads A2 of tot magnetic disk unit number In to DM 
management tab!® 22-2, and ternrdrtatos to routfna 

The number o$ loads (the number o? operations) of 
each magnetic cfek urtft fe stored Cn to DM manage- 
ment tabie 22-2 in th5s manner. This number is incre- 
mented Cor each operation request and decremented for 
each transfer end (access cempSeticn), so that to 
number of operations (the number of toads) o3 each 
magnetic disk urtft which are sending by for execution 
and are currently being processed can always be 
grasped. 

The processor (resource manager) refers to this 
number of operations at to tlmo of seleeang a device 
path. The processor selects tot of m psir of magnetic 
d5sk units with a mirror structure whfch has a smaller 
number of operates. This sdhems mateas to numbers 
of loads o5 a pair o3 magnetic &k unfts even, thus 
Improving thQ occcss Jessed. 

By contrast magnetic disk units may be selected 
alternately every given time. Horcsver, access requests 
from q htgh-rank apparatus do rco3 corns cvsrdy. What ts 
more, ©ngJe-acoess times are nc3 even. Therefore, this 
scheme h©s a difficulty En perform^ access oontrd in 
such a manner tot the numbers c3 teds on a plurality 
of magnetic cfsk urtite whltfi ho!d to ssma logical vo3- 
L0Tt3 become even. 

Likewise, magnate disk unite may be selected 
afterrtaidy for each access request S!rtc3 oJnglo- 
access times are not even, therefore, it is not pcse&Ie to 
execute eocess control Cn such a wsy tot to numbers 
of teds on a pair of magnetic d5ck unfe become even. 

According Co this invention, by contrast, the number 
of tosxtedc^chmagrcsttacSskimttte 
making it possible to cany ou3 access comrol in such a 
wsy tol to numbers erf teds cn a pair of magnetic disk 
units become even. 

Conventionally, to dsvtco Etfepter manages to 
statuses of msgrcsflc disk units. YhcD resource manager 



would know an abnormality in the selected magnetic 
<Ssk unit from a r e sp on s e from to associated device 
adapter which has been made after to resource man- 
ager asked the device adapter to perform an operation. 

q When to selected magnetic disk unit Is abnormal, 
therefore, the prior art requires that the selection and 
to operation should bo performed again. 

With regard to this point, in this embodiment the 
status information trtdteling to statuses of a pair of 

io magnetic disk unite is stored in to bgicaJ volume struc- 
ture table for each logical volume. When the resource 
manager seSects to magnetic disk unit which is associ- 
ated with a designated logical vtfuma, to resource 
manager refers to this status information to ffrtd oul an 

is abnormal magnetic <£sk unit 

It is therefore possible to prevent a damaged mag- 
netic disk unit from being selected. That Is, when one 
magnetic cfisk unit in the mirror structure tails, the other 
magnetic disk urtft can automatically selected 

so regardless o3 the number of loads. 

Further, escorting to trtis embodiment, to status 
Information Indicating to statuses of device edapters to 
which each selected magnetic cSsk unit is connected ,in 
to DM) management When to resource man- 

& ager selects the magnetic disk unit which is associated 
wfth a designated logical volume, to resource manager 
refers to this status information to find out an abnormal 
device adapter. 

It fis thus pos&SHe to prevent an operation request 

so from being made to a bailed device adapter. As regards 
to stetis of to DM man&gemsrti table, when to 
resource manager maks3 an operation request, any 
felled device edapJer Informs an error, which makes it 
pcssSrfo to update to status of to DM managsmertJ 

as table. 

BesCdes to abovo-describsd embodiment, frls 
invention mqy be modified as foScsra. 

(1) Although to foregoing description fas been 
given e3 to RAID-1 or the mirror structure whfch 
has doubla fogtel volumes, this tnventicn may be 
adapted to to structure wftitfi has Cogxal volumes 
provtded In triple or more. 

(2) Although the physical cSsk units have been 
cs ©gained as magnotic disk units, optical disk unl^s, 

magneto-cplfcal disk units or to Ilka may be used 
as well. 

Although one specific embodiment of trts invention 
so has been described herein, various other modjficatiens 
can be made within to scope and spirit of this inven- 
tion, and the present s am ples and embodiment are to 
be considered as IIIustrnfivQ and not restrictrve. 

As presented above, th=s inventfon has to foJJcwoig 
« advantages. 

(1) Bcc&uso fiio number of operations of csch 
physfoal cCsk unit ts morttercd and a physk^l disk 
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unit with a emsdier number of operations is 
selected, it cs possible to make the number of bads 
on a plurality oJ physical disk units which hold each 
logical volume even 

(2) Since unbalanced load distribution can be pro- s 
vented, the access speed can be improved. 

(3) As the number of operations d each physical 
cfisk unit is monitored, unbalanced load distribution 
can be prevented eccumady irrespective d the 
cparetai spesd oJ tfio physical disk units. ro 

Claims 

H. A RAID apparatus comprising: 

16 

a plurality of physical disk units for forming 
same togtoal volumes; and 
a <fisk controller for accessing any physical disk 
urdt which ta a designated lo$caJ volume to 
thereby access sard designated logical volume, 20 
said cSsk controller fodudrtg b msmory Cor stor- 
tng a number 0? operations, requested to each 
physical disk unit, tor each physical disk urdt, 
and 

contrd means for accessing one of sard plural- 2s 
fry d physical cGsk units which form the 
designed logical volume, in accordance with 
sard number of operations. 

2. The RAID apparatus according to daim 1, wherein 30 
said control means compares said numbers 0? 
operations of a plurality of physical disk units which 
form said designated Eogfed voJumes wfth each 
other, and selects that physics! disk unit which has 
a minimum member of operations. ss 

& "me RAID apparatus according Co daim 1 or 2, 
wherein seid control means Encodes: 

a channel adapter circuit Cor performing irtfer- to 
feco ccntrd with a high-rank apparatus; 
a device adapter circuit to accessing s&d 
physical cfek urdte tn accordance with a 
requested operation; and 

a resource manager c&odt to determining a ts 
physical disk unit In accordance with said 
number 0? operations in said memory in 
response to 0 transfer request from said chan- 
nel adapter circuit, and requesting said device 
adapler circuit to perform an operation to so 
accessing sard determined physical disk unit. 

4. The RAID epparatus according to claim 3, wherein 
said resource manager circuit increments a member 
of operations d saEd determined physical disk unit ss 
in accordance with a request on said operation and 
decrements a number of operations d a physical 
disk unit wtasQ operation has been completed, in 



accordance with an end of said operation of said 
device a&grter circuit. 

& The RAID apparatus according to daim 3 or 4, 
wherein said memory stores status information 
indicating statuses of said physical dssk units; and 
said resource manager circuit raters to said 
status information to determine whether those 
physical disk units which torn said designated log]- 
cal volume aro normal and selecting a normal phys- 
ical <£sk unit 

6. The RAID apparatus according to claim 3, 4 or 5, 
wherein to each logical volume, said memory 
stores information of a plurality of physical disk 
units which hold said logical volume; and 

said resource manager circuit refers to said 
memory to select a physical cBsk unit on which said 
logical volume fe allocated. 

7. An access control method to a RAID apparatus 
comprising a plurality of physical disk u rifts for form- 
ing same togical volumes, and a disk contrcBer for 
eccsssing any physical cSsk untt which forms a des- 
ignated logical volume to thereby access said des- 
ignated logical volume, said method comprising the 
&eps of: 

determining a plurality of physical disk urats 
which torn a designed logical volume; and 
selecting one of said determined physical disk 
units in accordance with a number of opera- 
tions requested to said physical disk imfes. 

& The access contrd method according to claim 7, 
wherein said selecting step compares said num- 
bers c5 operations of a pWfty of physical disk 
unite which torn said designated Eogical volumes 
wstfi each other, and accesses that physical disk 
unit which has a irtirarmm number of operations. 

9. The access control method according to claim 7, 
wherein said determining step determines said plu- 
rality of physical disk unite in response to a transfer 
request from a high-rank apparatus; and 

said selecting step includes a step of 
requesting an operation tor accessing said physical 
djsk unit determined in accordance wtth said 
number of operations and a step of accessing said 
physical disk urdt in accordance with safd 
requested operation. 

HQ. The access control method according to any d 
claims 7 to 9. further comprising the steps of: 

incrementing a number d operations of said 
determined physical disk unft, stored In a mem- 
ory. In eoooidanc© wttfi a requosa on satd eper- 
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ation; and 

decrementing a number of operations of a 
physical disk unit whose operation has been 
completed, in accordance with an end of said 
operation of said physical oisk unit s 

11. The access control method according to any of 
claims 7 to 1 0, wherein said selecting step includes: 

a step of referring to status Information to to 
determine induction of statuses of said physi- 
cal disk units, stored in a memory, to determine 
whether those physical ofck units which form 
said designated logical volume are normal; and 
a step of selecting a normal physical cfsk unit is 

12. The access control method according to any of 
ctaims 7 to 11 , wherein said determining step refers 
to information of a plurafty of physical disk units 
which term said logical volume, 6tored in a memory, so 
to determine physical oisk units forming said logical 
volume. 
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